a2 United States Patent
He et al.

US009411033B2

US 9,411,033 B2
Aug. 9,2016

(10) Patent No.:
(45) Date of Patent:

(54) METHODS AND APPARATUS FOR IMAGING
WITH MAGNETIC INDUCTION
(75) Inventors: Bin He, Arden Hills, MN (US); Yuan
Xu, Falcon Heights, MN (US); Xu Li,
Weymouth, MA (US)
(73) REGENTS OF THE UNIVERSITY
OF MINNESOTA, St. Paul, MN (US)

Assignee:

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 1675 days.

1) 11/913,894

(22)

Appl. No.:
PCT Filed: May 10, 2006

PCT No.:

§371 (D),
(2), (4) Date:

(86) PCT/US2006/018207

Aug. 6, 2008

PCT Pub. No.: W02006/122232
PCT Pub. Date: Nov. 16, 2006

87

(65) Prior Publication Data

US 2009/0018432 A1l Jan. 15, 2009

Related U.S. Application Data

Provisional application No. 60/680,095, filed on May
11, 2005, provisional application No. 60/680,092,
filed on May 11, 2005.

(60)

Int. Cl1.
A6IB 5/05
GOIR 33/48
A6IB 5/00
A61B 8/00
U.S. CL
CPC

(51)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(52)
GOIR 33/4808 (2013.01); A6IB 5/0093

(2013.01); 461B §/00 (2013.01)

(58) Field of Classification Search
CPC A61B 5/0093; A61B 8/00; GOIR 33/4808
USPC 600/437, 547, 558; 73/579
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4,122,495 A * 10/1978 Defranould etal. .......... 348/198
4,296,486 A * 10/1981 Vasile .......cccoevvveirennnnn 367/140
5,280,011 A * 1/1994 Kuaitsberg .............. CO04B 35/45
264/427
6,121,774 A * 9/2000 Sunetal. ... ... 324/303
6,132,380 A * 10/2000 Cohen et al. .. 600/481
6,520,911 B1* 2/2003 Wen .......coooovvvvinreennrnnns 600/437
6,535,625 B1 3/2003 Chang et al.
6,640,635 B2* 11/2003 Nakatsuka ...................... 73/643
6,962,082 B2* 11/2005 Hashimoto et al. ............. 73/579
6,974,415 B2  12/2005 Cerwin et al.
7,505,811 B2* 3/2009 Hashimshony ............... 600/547
7,648,844 B2* 1/2010 Srivastavaetal. ............ 436/526
(Continued)

Primary Examiner — Baisakhi Roy
(74) Attorney, Agent, or Firm — Quarles & Brady, LLP

(57) ABSTRACT

An apparatus includes a magnetic energy source to provide a
magnetic signal and a detector to detect an acoustic energy
signal from a sample stimulated by the magnetic energy sig-
nal. A method includes applying a magnetic signal to a bio-
logical sample, detecting an acoustic signal from the sample,
and processing the acoustic signal to determine the electrical
impedance distribution of the sample, and identify disease in
the biological sample. A method includes applying a mag-
netic signal to a sample, detecting a magnetic or electrical
signal within the sample, and processing the magnetic or
electrical signal to reconstruct electrical impedance distribu-
tion of the sample.
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